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BACKGROUND OF THE INVENTTON 

1. Field of the Invention 

The invention relates to a vascular ablation apparatus and method. More 
particularly, the invention relates to a vascular ablation apparatus that delivers a 
sclerosir^ solution durii^ the disruption and/ or irritation of a vessel wall The 
invention further relates to a vascular ablation method wherein disruption and/or 
irritation of the vessel wall is combined with the application of sclerosant. 

2. Description of the Prior Art 

Venous stasis is a common condition in which the flow of blood from the legs 
to the heart is abnormal Most people assume that the heart pumps blood out to the 
legs and then pumps it back That's only half right. Actually, the heart only pumps the 
blood out. Leg muscles pump it back. Every time a leg muscle tightens (called 
contraction), it squeezes the leg veins flat. Blood is pushed through the veins like 
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toothpaste beii^ squeezed from a tube. When everythii^ is workup normally, a series 
of one-way gates (called valves) make sure the blood can only move one direction; that 
is, toward the heart. However, when the vdlves are damj^ed, the "muscle pump" 
doesn't work (imagine a busy intersection with no traffic signals). This condition is 
called reflux and most often involves a laige leg vein called the saphenous vein. When 
saphenous reflux is present, blood simply pools in the legs, causing everythii^ from 
unsightly varicose veins to severe pain and ulceration of the skin. 

The treatment options for venous stasis are currendy limited. The traditional 
therapy used to treat venous reflux in the saphenous vein is surgical stripping and 
ligation. This procedure is performed by surgeons and often involves general 
anesthesia in a hospital settii^. Vein strippii^ and l^ation begins with an incision in 
the groin region to expose the saphenous vein; once identified the surgeon "ligates" or 
ties off the saphenous vein and small veins with sutures. A second incision is made 
either just below the knee or at the ankle for the same purpose. Once both ends of 
the vein are free, a thin wire- like instrument called the stripping tool is threaded 
through the vein from the groin to the second incision. The strippii^ tool is tied to 
the vein and the vein is pulled out, or stripped, and removed from the leg. Some 
common side effects from vein strippk^ and ligation suigeiy may include temporary 
pain or discomfort, bruising, hematoma, nimibness, and less frequentiy wound 
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infection. 

In addition to stripping, laser treatment is currently available. Endovenous laser 
treatment allows deliveiy of laser energy direcdy into the blood vessel lumen in order 
to produce endothelial and vein wall damage with subsequent fibrosis. It is presumed 
that destruction of the greater saphenous vein with a laser is a function of thermal 
destruction. Hie presumed target is intravascular red blood cell absorption of laser 
energy. However, thermal damage with resorbtion of the greater saphenous vein has 
also been seen in veins emptied of blood. Therefore, direa thermal effects on the vein 
wall probably occur. The extent of tissue thermal injury is strongly dependent on the 
amount and duration of heat exposure. 

Radio-Frequency treatments are also used. For example. The VNUS Qosure 
procedure (www.vnus.com) is a minimally invasive option for patients with superficial 
venous reflux and varicose veins. Using radiofrequency (RF) energy and a catheter 
based approach, the closure procedure occludes veins thereby eliminatir^ reflux. 

Potential complications of laser and RF include, but are not limited to the 
following: vessel perforation, thrombosis, pulmonary embolism, phlebitis, hematoma, 
infection, paresthesia and skm bum. Treatment of veins located very close to the skin 
surface may result in a skin bum. Paresthesia may occur from thermal damj^e to 
adjacent sensory nerves. The risk of paresthesia is h^er with treatment at or below 
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the calf. 

Vein sclerotherapy has been a treatment in Europe since the 1960's. It is an 
injection technique for treatii^ various vein conditions such as; varicose veins, 
reticular veins, spider veins of the leg, and also some fine facial veins. Varicose and 
spider veins are predominant in women and affect about 40% of the populatioa 

Sclerotherapy is the treatment of choice for the smaller spider or thread veins, 
which are so common on the face and legs. Sclerotherapy is a 30-minute, virtually 
painless procedvire with huge advantages over surgery, including no general 
anesthetics, no stitches, no hospitalization and no time off woris. 

The mechanism of sclerotherapy is as follows. Vascular fibrosis and 
obliteration only occurs in response to irreversible endothelial cellular destruction and 
e3q)osure of the underlying subendothelial cell layer. If an injeaed sclerosant is too 
weak, there maybe no endothelial injury at alL If the sclerosant is a little stroller, the 
varicose vessel is damaged, but recanalization occurs and an incompetent pathway for 
retrograde blood flow persists. If the injected sclerosant is too strong, the varicose 
vessel endothelium is destroyed, but the sclerosant may flow into adjacent normal 
vessels and causes damage there as well The key goal is to deliver a minim\im volume 
and concentration of sclerosant that will cause irreversible damz^e to the endothelium 
of the abnormal vessel to be sclerosed, while leaving adjacent normal vessels 
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untouched. It is important to protect normal superficial vessels, and it is critically 
important to avoid injurii^ the endothelium of deep veins, because deep vein 
thrombosis places patients at risk of death from thromboembolism, as well as causing 
permanent disability from chronic deep venous valvular insufficiency. The rational 
treatment of ^^ricosiries and telangiectasias by chemical sclerosis depends upon the 
ability to produce vascular endothelial dam^^e that is irreversible in the area under 
treatment, but that does not extend to adjacent normal vessels. 

Sclerosant is diluted with blood as it diffuses away from the site of injection. 
Thus, if a stror^ sclerosant is injected, there will be three zones of action. In zone 1, 
vascular endothelium is irreversibly injured; the vessel will be fully sclerosed and 
eventually will be completely replaced by a fibrous tissue. In zone 2, vascular 
endothelium is injured, and the vessel wiU be partially or completely thrombosed but 
will eventually recanalize. In zone 3, the sclerosant will be diluted below its injurious 
concentration, and there will be no endothelial injury. 

Because dilution of the sclerosant widi blood occurs immediately upon 
injection, the original injeaed concentration is of no real importance. What is 
important is the diluted concentration of sclerosant at the surface of the endothelium 
An injected concentration that is perfecdy effective in a spider vein (where sclerosant 
displaces blood rather than mixing with it) may be ineffective in a reticular feedii^ 
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vein or a truncal varix simply because dilution reduces the final concentration so low 
that there will be no endothelial injmy whatsoever. If the injected concentration is too 
high, dilution will leave the final concentration so high that endothelial damage will 
occur where it is not wanted. If the injected concentration is just right, dilution will 
leave a final concentration that is sufficient to injure the local varicose endothelium, 
but not high enough to damage normal superficial or deep veins. With big vessels, 
sclerotherapy alone is not sufficient to guarantee venous occlusion and destruction; 
success rate of sclerotherapy alone in permanently occluding the vein is about 60%, 
therefore enhancement of the sclerosis procedure is needed. 

When one selects a particular volume and concentration of a chemical agent 
with which to sclerose a vessel, they explicitly or implicitly adjust the injeaed 
concentration and volume to take into account the dilution that will occur when the 
sclerosant is mixed widi blood immediately after injection. One must also take into 
account the further dilution that will occur as the sclerosant flows or diffuses away 
from the site of injection. 

Vascular spasm is usually and unwanted phenomena of vessels in general and 
veins in particular. Spasm of the greater saphenous vein can occur during a cardiac 
bypass suigery and after graft implantation. Arterial spasm can also occur and can 
result in an infarction. Vascular spasm also occurs with excessive manipulation of 
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vessels with catheters or guide wires. Without any additional irritation venous spasm 
usually resolves spontaneously. Because of the cylindrical geometry of blood vessels, 
the volume contained in a vessel depends on the square of the vessel radius: the 
volume of any cylinder is calculated as (p5(r2)(L) (where r is the radius and L is the 
length of the vessel). During spasm the diameter of the vessel is reduced dramatically, 
up to 5 to 10 fold smaller, decreasing the volume of blood within the vein by a 
magnitude of 25 to 100. 

In view of the shortcomings of prior treatment techniques and apparatuses, a 
need exists for an improved apparatus and method for treatii^ venous stasis. The 
present invention provides such an apparatus and method. 
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SUMMARY OF THE INVENTION 
It is, therefore, an objea of the present invention to provide an apparatus for 
the treatment of venous stasis. The apparatus includes an elongated intraluminal 
member shaped and dimensioned for passage through vessels of a subjea. The 
intraluminal member includes a proximal end and a distal end. A conduit extends 
from proximate the proximal end of the intraluminal member to proximate the distal 
end of the intraluminal member. The conduit is shaped and dimensioned for fluid 
conmiunication between the proximal end of the intraluminal member and the distal 
end of the intraluminal member. The distal end of the intraluminal member includes 
dismption means proximate thereto for dismpting or irritating a predetermined vessel 
wall 

It is also an object of the present invention to provide an apparatus that irritates 
the vein for the purpose of creating vein spasm. 

It is also an object of the present invention to provide an apparatus wherein the 
intraluminal member comprises an infusion wire. 

It is another objea of the present invention to provide an apparatus wherein 
the distal end of the intraluminal member is sinusoidal 

It is a further objea of the present invention to provide an apparatus wherein at 
least one application port in fluid communication with the conduit is formed in the 
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distal end of the intraluminal member, the at least one application port being 
positioned at an upper or lower extent of the sinusoidal infusion wire. 

It is yet another object of the present invention to provide an apparatus wherein 
the distal end of the intraluminal member is substantially V-shaped. 

It is still another object of the present invention to provide an apparatus 
wherein the distal end of the intraluminal member is substantially J-shaped distal 

It is also a further objea of the present invention to provide an apparatus 
wherein the distal end of the intraluminal member is circular. 

It is still a further objea of the present invention to provide an apparatus 
wherein the intraluminal member includes a twisted circular distal end. 

It is yet a further objea of the present invention to provide an apparatus 
wherein the infusion wire is a shape memory material and the apparatus further 
includes a stiffener associated with the distal end of the intraluminal member. 

It is also an objea of the present invention to provide an apparatus wherein the 
intraluminal member is a balloon catheter. 

It is another objea of the present invention to provide an apparatus wherein a 
balloon is positioned at the distal end of the intraluminal member and the balloon 
includes at least one application port in fluid communication with the conduit. 

It is a further an objea of the present invention to provide an apparatus 
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wherein the balloon includes a plurality of protrusions shaped and dimensioned for 
scrapir^ or injuring the surface of the vessel wall. 

It is ako another objea of the present invention to provide an apparatus 
wherein the intraluminal member includes a multi-prong assembly. 

It is also a further object of the present invention to provide an apparatus 
wherein the intralimiinal member includes a muki-infusion wire assembly. 

It is also an object of the present invention to provide an apparatus including 
means for movement of the intraluminal member to facilitate dismption or irritation 
of the predetermined vessel waL 

It is another objea of the present invention to provide a method for the 
treatment of venous stasis. The method is achieved by advancing an elongated 
intraluminal member through a vein to a treatment site, activatii^ the intraluminal 
member for disraption or irritation of the treatment site and injecting sclerosant into 
the vein at the treatment site. 

It is a f urdier objea of the present invention to provide a method wherein the 
step of activating includes moving the intraluminal member to cause dismption or 
irritation of the vessel 

It is also an objea of the present invention to provide a method including the 
step of causing spasms within the vein. 
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Other objects and advantages of the present invention will become apparent 
from the foUowii^ detailed description when viewed in conjunction with the 
accompanying diawii^s, which set forth certain embodiments of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of an embcxliment u tilisin g an infusion wire. 

Figures 2, 3, 4, 5, 6, 7a and 7b are further embodiments of the present invention 
utilizing an infusion wire. 

F^^s 8, 9 and 10 are embodiments of the present invention wherein a balloon 
catheter is utilized. 

Figures 11 and 12 show still a further embodiment in accordance with the 
present invention. 

Figure 13 is a perspective view of yet another embodiment in accordance with 
the present invention. 

Figures 14a, 14b and 14c are schematics of yet another embodiment of the 
present invention. 
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DESCRIPTTON OF THE PRKFERRED EMBODIMENTS 
The detailed embodiments of the present invention are disclosed herein. It 
should be understood, however, that the disclosed embodiments are merely exemplaiy 
of the invention, which may be embodied in various forms. Therefore, the details 
disclosed herein are not to be interpreted as limiting, but merely as the basis for 
teaching one skilled in the art how to make and/ or use the invention. 

\Wth reference to the various embodiments disclosed in Figures 1 to 14, an 
apparatus 10 and method for the treatment of venous stasis, for example, varicose 
veins, is disclosed. Although the present apparatus 10 and method are described with 
reference to its use in treatii^ varicose veins, the present apparatus and method may 
be employed in other applications without departing from the spirit of the present 
invention. In addition, various embodiments of the present apparatus are disclosed 
below and the same reference numerals are used in designating similar parts within 
these different embodiments. 

In general, the apparatus 10 includes a wire 12 (see Figures 1, 2, 3, 4, 5, 6, 7a and 
7b), balloon catheter 14 (see Figures 8, 9 and 10), multi-proi^ assembly 15 (see Figures 
11 and 12) or muki-infusion wire assembly 60 (see Figure 13) capable of deliverii^ a 
sclerosant material while irritating and/or disrupting the vessel wall 16 of the 
treatment site. While the terms irritatii^ and/ or disruptii^ are utilized in describii^ 
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the present invention, those skilled in the ait will understand that these tenns maybe 
used substantially interchai^eably without ^^uying the scope of the present invention. 

The present apparatus 10 treats varicose veins by disruptii^ and/or irritating a 
vessel wall 16 in conjunction with the direct administration of a sclerosant material 
This direa deliveiy of the sclerosant to the irritated or disrupted vessel provides for 
improved success rates in the treatment of varicose veins when conq)ared with the 
limited success rates for traditional sclerotherapy as discussed above with reference to 
prior art techniques. In addition to the enhanced effectiveness achieved through the 
combined implementation of disruption and/or irritation and sclerotherapy, the vein 
spasms produced as a result of the apparatus 10 will further enhance the efficacy of the 
procedure. 

Further to the various embodiments described below, delivery of sclerosant can 
be done either before, durii^ or after vascular irritation and/or disruption. The 
location and method of delivery of sclerosant can be done either at the sclerosing site, 
proximal to it, distal to it, as well as at the vascular entry site through a vascular sheath. 
In addition, and as those skilled in the art will certainly appreciate, it is contemplated 
the delivery of the sclerosant may be achieved at a variety of locations, including 
system administratiorL Akhoi^h the invention is primarily directed to the use of 
mechanical disruption devices, it is contemplated that other disrupting mechanisms 
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(for example, heat, cold, electrical, laser, Radiofrcquency, etc.) maybe employed within 
the spirit of the present invention. 

As is discussed below in greater detail, the wire 12, balloon catheter 14, multi- 
proi^ assembly 15 or multi-infusion wire assembly 60 is moved to create the 
disruption and/ or irritation in the vessel wall In general, the disruption and/or 
irritation is caused by a mechanical device, which when positioned in the vessel 
provides an outwardly direaed radial force to engage, irritate and damage but not 
break through the inner vessel wall 

As will be described below in greater detail, the mechanical device may take the 
form of a wire, catheter, balloon, sprii^, brush or a combination thereof. Movement 
may either be created by rotation of the apparatus 10, by linear movement of the 
apparatus 10 or by a combination of both rotational and linear movement of the 
apparatus 10. In addition, the movement maybe achieved via either manual actuation 
or via the implementation of a power system. 

With reference to Figure 1, a first embodiment is disclosed. The apparatus 10 
functions by disrupting and/ or irritating the lining of the vessel wall 16 and delivering 
a sclerosii^ solution directly to the vessel wall 16 for safe and easy ablation. The 
apparatus 10 includes an infusion wire 12 having a distal end 18 and a proximal end 
20. While the term "wire" is used in the present description it is contemplated that 
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various materials (for example, metals, plastics, etc.) may be used without departing 
from the spirit of the present invention. For example, it is contemplated the infusion 
wire m^it take the general form of a catheter shaped and dimensioned to function in 
the manner detailed herein. In addition, the struaure of the wire itself maybe varied 
to suit specific needs; for example, the distal end of the wire maybe solid or 
incorporate a spring structure to provide for desired rigidity. "With the foregoii^ in 
mind, those skilled in the art will appreciate the wide variety of possible structures 
which maybe employed without departing from the spirit of the present invention. 

At its proximal end 20, the infusion wire includes a sclerosant infusion port 22 
for supply of the sclerosing agent to the infusion wire 12. In addition, a motor 24 is 
coupled to the proximal end 20 for the controlled rotation of the infusion wire 12 in a 
manner which will be discussed below in greater detail 

The distal end 18 of the infusion wire 12 is provided with a series of sinusoidal 
waves 26 shaped and dimensioned for en^^ipag the vessel wall 16 of the vessel 28 into 
which the infusion wire 12 is placed. At the upper and lower extents 30, 32 of the 
sinusoidal waves 26 of the infusion wire 12, the infusion wire 12 is provided with 
application ports 34 throi^ which the sclerosing agent is administered within the 
vessel 28. The application ports 34 are in fluid communication with the infusion port 
22 via a conduit 35 extending throi^h the wire 12. By providing the application ports 
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34 adjacent the upper and lower extents 30, 32 of the infusion wire 12, sclerosing agent 
is applied almost directly to the vessel wall 16 being disrupted and/or irritated by the 
rotating infusii^ wire 12. Controlled administration of the sckrosii^ agent throi^h 
the application ports 34 is enhanced by closing off the distal tip 36 of the infusion wire 
12 so as to ensure the sclerosing material is administered only thoi^h the application 
poits 34 at the upper and lower extents 30, 32 of the infusion wire 12. Those skilled in 
the ait will appreciate that proximal to the disrupting and/or irritating end the infusion 
wire may be enclosed in a sheatL 

Further embodiments are disclosed with reference to Figures 2, 3, 4, 5 and 6. 
These embodiments are substantially similar to those disclosed above with reference to 
F^ure 1, however, the distal end 18 is shaped differently. For example. Figure 2 
provides an infusion wire 12 with a substantially V-shaped distal end 18, Figure 3 
provides an infusion wire 12 with a sharp tip 38 having an application port 34 therein, 
F^;ure 4 provides an infusion wire 12 with a substantially J-shaped distal end 18, 
Figure 5 provides an infusion wire 12 with a circular distal end 18 and Figure 6 
provides an infusion wire 12 with a twisted circular distal end 18. As those skilled in 
the art will most certainly appreciate, a wide variety of shapes maybe employed 
without departing from the spirit of the present inventioiL 

As those skilled in the art will certainly appreciate, it will be necessary to control 
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the shape of the infusion wire 12 prior to insertion of the apparatus 10 within the 
vessel 28. It is contemplated this may be accomplished via the use of a stiffener which 
holds the infusion wire 12 in a desired configuration prior to insertion or throi^ the 
fabrication of the infusion wire 12 from shape memory materials trained to assume the 
desired shaped when exposed to ele\^ted temperatures within the body. This may ako 
be accomplished by containment of the wire 12 in a sheath. 

With reference to Figures 7a and 7b, an embodiment of the infusion wire 12 
utilizing a stiffener 39 is shown. With reference to Figure 7a, the stiffener 39 is 
positioned within the infusion wire 12. The stiffener 39 holds the infusion wire 12 in a 
straightened conf%uration allowing insertion through a needle or sheath (not shown). 
Once the infusion wire 12 is positioned at a desired location, the stiffener 39 is 
withdrawn and the infusion wire 12 resumes its desired configuration (see Figure 7b) 
permitting disruption and/ or irritation of the vessel wall 16 while a sclerosing agent is 
applied to the vessel wall 16. 

Referrii^ to Figures 8, 9 and 10, the infusion wire 12 may be replaced with a 
balloon catheter 14 shaped and dimensioned specifically for use in accordance with the 
present invention. More specifically, and as with the infusion wire 12, the balloon 
catheter 14 includes a proximal end 20 and a distal end 18 with the balloon 40 itself 
positioned adjacent the distal end 18 of the catheter 14. 
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At its proximal end 20, the catheter 14 includes a sclerosant infusion port 22 for 
administration of the sclerosing j^ent to the balloon catheter 14, The sclerosant may 
also be used in the inflation of the balloon 40 and will leach into the surrounding area 
via application ports 34 directly after inflation of the balloon 40 (see Figure 9). The 
application ports 34 are in fluid communication with the infusion port 22 via a conduit 
35 extendi:^ throi^ the balloon catheter 14. In the event it is not desired to utilize 
the sclerosant as the inflating fluid, the catheter 14 is provided with a balloon port 42 
at the proximal end 20 (see Figures 8 and 10). The balloon port 42 provides for the 
administration of fluid used in controlling inflation and deflation of the balloon 40 in a 
convention manner. Where a distina fluid is used in the inflation of the balloon 40, 
the sclerosant infusion port 22 is direcdy linked with the application ports 34 for the 
injection of the sclerosant within the vessel 28. Although a conduit is provided in 
accordance with a preferred embodiment of the present invention, sclerosant delivery 
may also be accomplished by contaiiunent of the wire proximal to the balloon in a 
sheath and delivering the sclerosant fluid or foam through the annular space between 
the wire shaft and sheath to exit near the distal end of the sheath into the vein. 

Manual manipulations maybe used or a motor 24 may be coupled to the 
proximal end 20 for the controlled rotation of the balloon catheter 14 in a manner that 
will be discussed below in greater detail 



20 



The distal end 18 of the catheter 14 is provided with a balloon 40 having a 
series of sharp or n^ed bumps or edges or hooks 44 shaped and dimensioned for 
scraping and injuring the surface or lining of the vessel wall 16. With this in mind, a 
series of application ports 34 are formed in the wall of the balloon 40 for the delivery 
of the sclerosii^ agent to the vessel wall 16. The application ports 34 are linked to the 
sclerosing agent supply port 22 at the proximal end 20 of the catheter 14. As those 
skilled in the art will certainly appreciate, a variety of balloon catheter lumen structures 
are known for the delivery of medicinal agents to the surface of the balloon and these 
known catheter lumen structures maybe employed within the spirit of the present 
inventiotL 

As those skilled in the art will also appreciate, a variety of balloon designs are 
possible within the spirit of the present inventiotL In addition, different 
conf ^;urations for the destructir^ sharp or rugged bumps or ec^es or hooks may be 
employed within the spirit of the present inventiotL Sclerosant delivery may also be 
accomplished by contairmient of the wire proximal to the balloon in a sheath and 
delivering the sclerosant fluid or foam through the armukr space between the wire 
shaft and sheath to exit near the distal end of the sheath into the vein. 

As briefly mentioned above, use of the present ablation apparatus 10 will 
produce spasms within the vessel 28 being treated. Vessels 28, and in particular veins. 
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develop spasms upon irritation. Spasm is generally a non-desirable situation in 
vascular procedures and is commonly avoided. However, the apparatus 10 described 
in accordance with the present invention purposefully creates spasms at the treatment 
site. The creation of spasms in accordance with the present invention results in a 
decrease in vein size that madsedly limits flow in the vein. This effect, together with 
the mechanical irritation and destmction of the vein, makes the vein veiy susceptible 
to the sclerosing ^ent and increases the likelihood for successful treatment. 

In fact, it is known that sclerotherapy of smaller veins is more likely to be 
successful and that lower concentrations of sclerosant are necessary. The reason is 
primarily the reduced flow and reduced volume of blood in the smaller vein. 

Spasm of the vein will reduce the size of larger veins to that of smaller veins and 
limit flow and volume. This will dramatically increase the likelihood of successful 
treatment when employed in accordance with the present invention. Success rates 
associated with prior art sclerotherapy techniques are limited. The b^er the vein, and 
the more flow and blood are present in the vein, the less likely the sclerosant will 
achieve complete destmction. In accordance with the present invention, the 
mechanical dismption in conjunction with sclerotherapy increases the success rate of 
the procedure. This is achieved by delivery of the sclerosant to the vessel, by causir^ 
spasm that limits the flow in the vessel and by mechanical destruction and dismption 
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of the endothelium. 

With regard to the creation of spasms, it is contemplated the spasm will be 
created within a blood vessel, either an artery or a vein. The spasm can be created by 
mechanical irritation or any other way, includii^, but not limited to, electrical, 
chemical, thermal treatment. The spasm is preferably created by disrupdon of the 
endothelial kyer of a blood vessel, widiout perforation of the vessel wall It is further 
contemplated that the creation of spasm within the vessel may be achieved for the 
purpose of increasing its susceptibility to subsequent injury, whether chemical or 
other. 

In accordance with a preferred embodiment of the present invention, treatment 
is achieved in the following manner. Regardless of which of the various embodiments 
are employed, the apparatus 10 is first advanced through the vein 28 to the treatment 
area. Tlie apparatus 10 is then activated for disruption and/or irritarion of the 
treatment site. As discussed above, movement of the apparatus 10 to accomplish 
dismpuon and/ or irritation may be achieved either manually or mechanically. 

Either before, during or after the apparatus 10 is functioning to disrupt and/or 
irritate the treatment site, sclerosant is injected into the vein 28 at the treatment site. 
As with the movement of the apparatus 10, the sclerosant maybe administered either 
manually (for example, a manually actuated syringe) or automatically (for example, a 
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controlled pumping system linked to the apparatus 10). Durii^ the procedure, the 
apparatus maybe pulled through the vein 28 toward the access site. Upon completion 
of ablation, the apparatus 10 is removed from the vein 28. 

In accordance with the embodiment described with reference to Figure 1, the 
sinusoidal distal end 18 of the infusion wire 12 is inserted to a desired site within the 
vessel 28. The motor 24 is then activated, rotating the sinusoidal infusion wire 12 in a 
manner which disrupts and irritates the vessel wall 16. At the same time, the 
sckrosii^ agent is pumped into the infusion wire 12 and is dispensed at the treatment 
site via the application ports 34 located at the upper and lower extents 30, 32 of the 
sinusoidal waves 26 of the infusion wire 12. 

With reference to the embodiment disclosed in F^;ures 2, 3, 4, 5, 6, 7a and 7b 
these embodiments employ structures substantially similar to that disclosed in 
accordance with Figure 1 and consequently function in substantially the same manner. 
In accordance with the embodiments disclosed in Figures 2, 3, 4, 5, 6, 7a and 7b, the 
infusion wire 12 is angled with a port or ports 34 that deliver a sclerosir^ j^ent directly 
to the vessel 16. Each of these designs also provide for a sharp edge or edges that 
irritate the vessel wall 16 at the same time. It is contemplated the wire 12 can be 
inserted through a needle or a small sheath. This will allow this venous ablation 
procedure to be done in an office setting, without sedation or incisions in the skirL 
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As discussed above with reference to Figures 8, 9 and 10, a balloon catheter 14 
may also be employed in accordance with the spirit of the present invention. The 
balloon 40 is provided with sharp or rugged bumps or edges or hooks 44 that will 
scrape and injure the surface or linii^ of the vessel wall 16. This apparatus 10 will 
block flow in the vein and simultaneously deliver the sclerosant to the vessel wall 16. 
This injury will facilitate the destruction of the vein. The balloon 40 and the 
destructing ec^es 44 may have variable diameters and shapes, based on the size of the 
vessel being treated. 

Once positioned at the predetermined treatment site within the vessel 28, the 
balloon 40, which is inserted in a deflated state, is inflated under the control of applied 
fluid, preferably but not necessarily the sclerosing solution. Whether the sclerosing 
solution is used in expanding the balloon or not, the sclerosing solution is injected into 
the balloon 40 or a chamber within the balloon (not shown) while the balloon 40 is in 
the vein 28 to be ablated. The balloon 40 will be pulled back with or without rotation 
within the vein 28. As mentioned above, this movement may be done by hand or with 
a mechanical device (for example, a motor 24) rapidly rotating the balloon catheter 
apparatus 10. Further, and as discussed above, a mechanical device may also control 
the rate and volume of delivery of the sclerosant. The sclerosing solution will leach 
out of the balloon 40 directly to the disrupted vein wall. The effect of the sclerosii^ 
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solution will be enhanced by the disruption or irritation of the vessel wall 16. 

It is further contemplated the balloon catheter may be modified with a wire or 
wires over the balloon. The wire can have sharp edges that will disrupt the vessel 
The wire can rotate with or without the balloon. 

In accordance with yet a further embodiment of the present invention, and with 
reference to Figures 11 and 12, an ablation apparatus 10 is disclosed. The ablation 
apparatus 10 includes a multi-prong assembly 15 composed of a delivery member 50 
housed within a sheath 52 adapted for movement relative to the delivery member 50. 
The delivery member 50 includes a proximal end 54 and a distal end 56. The proximal 
end 54 is a generally cylindrical member havir^ an injection port 22 for the application 
of sclerosir^ j^ent toward the distal end 56 of the deUvery member 50. 

The distal end 56 of the delivery member 50 includes a series of outwardly 
biased prongs 58. The pror^ 58 are biased such that when the sheath 52 is moved 
toward the proximal end 54 of the delivery member 50 and the pror^ 58 are exposed 
(see Figure 11), they extend outwardly into contaa with the vessel wall 16. As such, 
the prongs 58 contaa the vessel wall 16 permitting disruption and/or irritation of the 
vessel wall 16. 

Sclerosir^ ^ent is deUvered to the vessel wall 16 via ports 34 formed within the 
prongs 58. The ports 34 are formed so as to be in fluid communication with the 
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injection poit 22 located at the proximal end 54 of the delivery member 50. 

In practice, the multirprong assembly 15 is delivered to the treatment site in its 
storage configuration (see Figure 12) with the sheath 52 covering the prongs 58. Once 
the multi-prong assembly 15 is delivered to the treatment site, the sheath 52 is moved 
relative to the delivery member 50 revealii^ the prongs 58 (see F^ure 11) and 
pennittingthe proi^s 58 to extend outwardly into engagement with the vessel wall 16. 
Thereafter, the prongs 58 are moved to disrupt and/or irritate the vessel wall 16 either 
before, during or after a sclerosing agent is delivered. 

As with the prior embodiments, the present ablauon apparatus 10 maybe either 
manually or automatically manipulated for both rourional and longitudinal movement 
during the disruption and/ or irritation of the vessel wall 16. 

In accordance with still a further embodiment of the present invention, and 
with reference to Figure 13, an ablation apparatus 10 is disclosed The ablation 
apparatus 10 includes a muki-infusion wire assembly 60. The multi-infusion wire 
assembly 60 includes a proximal end 62 and a distal end 64. The proximal end 62 is a 
generally cylindrical member having an injection port 22 for the application of 
sclerosir^ agent toward the distal end 64 of the assembly 60. 

The distal end 64 of the multi-infusion wire assemble 62 includes a series of 
helically wound wires 66 forming an elongated structure with an enlarged central 
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region 68. The enlaiged central region 68 is oriented outwardly such that the wires 66 
may contact the vessel wall 16 for disruption and/ or irritation in accordance with the 
present invention. Sclerosii^ agent is delivered to the vessel wall 16 via ports 34 
formed within the wires 66. The ports 34 are formed so as to be in fluid 
communication with the injection port 22 located at the proximal end 62 of the 
assembly 60. In practice, the muki-infusion wire assembly 60 functions in much the 
same manner as the multi-proi^ assembly 15 disclosed with reference to F^;ures 11 
and 12, and consequently includes a sheath 70 for delivery of the assembly 60. 
Sclerosant delivery may also be accomplished bydeliverir^ the sclerosant fluid or 
foam throi^ the armular space between the wire shaft and sheath 70 to exit near the 
distal end of sheath 70 into the vein. 

Yet a further embodiment of the present invention is disclosed with reference 
to Figures 14a, 14b and 14c. Hie ablation apparatus 72 is formed with a brush 74 at 
its distal end 76. The bush 74 maybe positioned at the very end of the apparatus 72 
(see Figure 14c) or slightly removed from the end of the apparatus 72 (see Figures 14a 
and 14b). As with the other embodiments, the apparatus 72 includes a conduit 78 for 
the application of sclerosing agent to the treatment site. The apparatus 72 is further 
provided with a sheath 80 faciUtatii^ position of the apparatus 72 at a desired 
treatment site. The sheath 80 is utilized in a conventional marmer to cover the distal 
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end 76 of the apparatus 72 until it is properly positioned (see Figure 14a), at which 
time it is withdrawn for treatment of the site (see Figure 14b). 

The brush 74 may be manually or automatically moved to created disruption at 
the treatment site. In accordance with an alternate embodiment, the sheath may 
function as a conduit providing a guiding tube for the application the sclerosing agent 
to the treatment. 

In accordance with a preferred embodiment of the present invention, a variety 
of known sclerosing ^ents may be employed. Those skilled in the ait will certainly 
appreciate the pros and cons of the known sclerosing agents and choose the sclerosii^ 
agent most appropriate for specific applications. 

In addition to the delivery of liquid based sclerosii^ agents to a treatment site, it 
is further contemplated that foamed sclerotherapy may be employed in accordance 
with an alternate embodiment of the present invention. In order to deliver a high 
concentration of sclerosing agent into the vein wall, some researchers advocate the use 
of "foam sclerotherapy". This technique involves mixing the sclerosing solution with 
air or other gas, for example, oxygen, caibon dioxide and/or nitrogen to create foam. 
The idea behind this technique is to deliver a higher concentration of sclerosant to the 
vein wall. 

More particularly, foam sclerotherapy employs a mixture of the sclerosant with 
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gas creatii^ microbubbles. The microbubbles displace the blood and ensure contact 
between the sclerosant and the vain wall One potential disadvantage with the foam is 
that it can leach into the deep venous system and damage the endothelium there. This 
will cause deep venous thrombosis (DVT), a known complication of varicose vein 
treatment. DVT is less likelyto occur when usii^ liquid sclerosant. The liquid 
sclerosant gets diluted very quickly once it is flowing into the deep venous system and 
is therefore much less likely to cause endothelial dannage and DVT. 

As discussed above, the present invention is directed toward ablation of veins, 
especially the greater sephanous vein for treatment varicose veins. However, and as 
those skilled in the art will certainly appreciate, the present invention maybe employed 
in the sclerosis and disruption and/ or irritation of other hollow structures such as 
arteries, bronchi and any other organs, without departii^ from the spirit of the present 
invention. 

The present invention further offers many cost advantages when conq)ared with 
prior art techniques for the treatment of varicose veins. The currently available 
methods of large vein ablation include laser ablation, radio-frequency ablation and 
stripping. The present sclerotherapy wire method is less e3q)ensive as there is no need 
for a power generator. 

With regard to safety concerns, prior art techniques are based on energy 
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emission to "bum" the vein. The enei^ usually extends beyond the thin wall of the 
vein and can cause dam^e to the adjacent structures, including nerve damage and skin 
bums. It can also cause bleeding secondary to vascular dismption. The direct 
disruption-sclerotherapy method of the present invention, either with a wire or with a 
balloon catheter, will direct treatment to the vein wall and not beyond it. 

Sclerotherapy has been used since the 1960's for ablation of veins. It is a safe 
and proven treatment. It is less effective in large veins because of the high flow and 
high volume causii^ rapid dilution of the sclerosant solution. The wire or balloon 
dismption delivery in accordance with the present invention ensures that the vein wall 
will be damj^ed and in contact with the appropriate concentration of sclerosant, 
regardless of the flow and blood volume in the vein. 

Because of the risk of damage to adjacent tissue, before ablation with laser or 
RF, the operator needs to inject a large amount of local anesthetic, called tumescent 
anesthesia. This is very time consuming and might take up to 45 minutes dependii^ 
upon the length of vein being treated. The present invention eliminates the need to use 
tumescent anesthesia. 

While the preferred embodiments have been shown and described, it will be 
understood that there is no intent to limit the invention by such disclosure, but rather, 
is intended to cover all modifications and alternate constructions falling within the 
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spirit and scope of the invention. 
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